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sup1IMARp e&&& 
This report  covers the period between July 23, 1964, and July 23, 1966, 

the duration of NASA grant NSG 706. The f i r s t  s i x  months were spent mainly 

la the i n i t i a l  phases of the work. Most of the required items of equipment 

I 

I 

were purchased and Celivered to e i ther  the Savannah River Plant or the 

University of Georgia in Akhens, By 3 a ~ t n - y  23, 1965, only two major pieces 

of equgpent: remi& tmiferlfvered. These were two walk-tn constant tempere- 

tu re  and humidity rooms. During th i s  period the necessary routine procedures 

for M-esysw ?geeam& were worked out srsd a technician trained to  per- 

form them. Only a few experiment8 were carried out and limited data were ob- 

tained. During the second six-month period Zolays i n  deltvery and ins ta l la -  

t i o n  of the constant temperature rooms slowed ?ha prDgress of the work. Haw- 
'b $# j 7 -7 *'% 

ever, during the second year, several experbents  were performed using several 

d i f fe ren t  approaches. 

work original ly  projected w i l l  be completed, 

Carryover into the th i rd  year w i l l  insure that the 

The primary objectives of the research under t h i s  grant were, 8nd are, t o  

t e a t  the hypothesis tha t  t rue s t a b i l i t y  i n  a l i f e  support system is obtaln- 

able only a f t e r  the system becomes adjusted t o  i t s  boundary conditions (Le.,  

outside environment and internal  chemical and aspects composition) by the 

process of ecological succession, and only i f  there is  a minimum divers i ty  

of components performing necessary ecosystem functions such as production, 
c . *  



c o n s q t i o n ,  decomposition, growth-pr-tion, etc. 

succession and d ivers i ty  have been overlooked i n  the present emphasis on 

growth of single  species high-yielding a lga l  Or bacter ia l  s t r a i n s  which, by 

t h e i r  very nature, cannot be maintained an steady state without a large Out- 

The importance of 

lay of associated plumbing. 

paper by the pr incipal  investigators and G. Dennis Cooke, given by t h e m  at 

the NASA Conference on Bioregenerative Systems, This paper is  included as 

An expan:*Lon of “Lkcse views was presented i n  a 

an appendix t o  t h i s  report ,  and may be considered as a summary of the work 

on laboratory microcosms a s  supported, i n  par t ,  by NASA grant EKG ?06. 

Studies on succession fn sub-cultures derived from micraeco~y~terns 

ths: have maintained themselves i n  a stable state i n  our laboratory f o r  

several  years have revealed important differences between he te ro tvph ic  and 

autotrqpWc 8ucce80kzg, pzwessea coarmonly confused i n  the ecologtcal 

1iCeretut.e. Furthennore, use of gama i r r ad ia t ion  as 8 Etres8 fac tor  has 

revealed sens i t i v i ty  of the bac ter ia l  stage tha t  i s  prerequis i te  t o  the 

a l g a l  bloom stage of heterotrophic successi.c% Studies on nu t r i t i ve  value 

of pel le t ized mixed a s  compared to  pure cul,l..xc: nn te r i a l  were inconclusive 

due largely t o  the lack of proper f a c i l i t i e s  and personnel f o r  p repa rhg  

large enough batches fo r  the feeding experiments with mice. Experiments 

were done on the e f f ec t s  of photo period and medium composition on succession 

i n  the microcosms. Finally,  two pre-doctoral student8 were a t t rac ted  t o  

the program and have begun training and t hes i s  work on aspects of succession 

and d ive r s i ty  i n  microecosystems, A technician has been trained i n  the 

techniques of microecosystem culture, and Dr. Beyers received addtt.:toaal 

t ra in ing  i n  bio-space technology as a par t ic ipant  i n  the NASA t ra ining pro- 

gram held on Wallops Island, Virginia, i n  August, 1965. 
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I n  terms of theory and regenerative systems, our work may be summarized 

it was c lear ly  demonstrated tha t  “efficiency” i n  tenus of r a t i o  as follows: 

of primary productivity (P) (or r a t3  O2 production o r  C02 consumption) t o  

biomass (B) o r  weight always decreaseo u n t i l  s t a X l i t y  is achieved, while 

the reciprocal “efficiency,” namely, ;s!S, incrcmas and is maximum as 

steady-state i s  achieved, In most thlnking about regeneratlve space c ra f t s ,  

the emphasia has been en achieving a high r a t i o  of P/B, as is charac te r i s t ic  

of ear ly succession i n  microecosystema (as w e l l  a s  i n  nature i n  general), 

with the idea that: s t a b i l i t y  can be achieved i n  t h i s  basically uastable 

s i tua t ion  by mechanical means. 

has centered on very small “bloom type” organisms with rapid turnovers. 

Le our strong opinion t ha t  we also should invest igate  the f eas ib i l f ty  of 

uaing sys t ew with mare ttclimax” (Le., inherent s t a b i l i t y )  character is t ics ,  

even though t h i s  means a lcwer P/B efficiency. 

Therefore, i n t e re s t  i n  experimental work 

It 

INTRODUCTION 

One aim of ecology is  to  study the s t ructure  and function of ecosystems. 

However, like everything else in nature, ecosystem tend to grade i n t o  one 

another and drawing a l i n e  between them is  a d i f f i c u l t  task indeed, One 

solution t o  the  boundary problem is t o  enclose an ecosystem i n  some type 

of cantainer. 

ecological uni t  from the rest of the  biosphere. 

ecosystem has been cal led a microescsyszem or microcosm. 

Thie encapsulation a t  l e a s t  p a r t i a l l y  i so l a t e s  a functional 

Such a del iberately isolated 

As w e l l  as beLng d i f f i c u l t  co delineate, natural  ecosystems are often 

qu i t e  large and subject t o  varia5ies i n  such environmental conditiom as 

l i g h t  in tens i ty  and duration, temperature averages and extremes, conditione 

of export or importof non-living materials and biota,  and in aquatic 
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habl ta t s  materials suspended or dissolved i n  the f lu td  medium. 

advantages often make natural  ecosystems unsuitable fo r  experimental work 

when control of such environmental conditions is essentfal. Where an eco- 

system which has discrete  physical bucndaries and which Ls small eneush to 

be conveniently subjected to experimental conditions i s  not available 

several researchers have resorted t o  the microcosm approach (Odum and 

Hoskins, 1957; Whittaker, 1961; Beyers, 1963a, b, c; Butler, 1964; Hcconnell, 

1962; Copeland, 1965). 

repl icate  ecosystems (Abbott, 1966). Such duplicate ecosysteme fire alm8t 

impossible to  find i n  mturc. 

in to  the e f f ec t s  of gamma radiation upon aquatic ecosystems which would be 

almost hposa ib le  under f i e ld  condit~oaa. 

elide a respaem from small aquatic organisms are impractical and dangerous 

t o  give to natural  bodies of water. 

These dial  

The microcoem method allaws the fabrication of 

Microecosystems a l so  permit investigation 

The hi@ dosages required to  

This report  deals with an attempt to develop a laboratory %him 

type of ecosystem. That is, a natural  assemblage of organisms and 

t h e i r  ab io t ic  environment about which a re la t ive ly  large body of inforrrsation 

f8 knmn and which is  convenient t o  use as a laboratory tool in experimental 

ecology. 

Ecological pu r i s t s  may object t o  ca l l ing  the processes taking place 

i n  m€croecoeystems succession on the g r d s  tha t  there can be no succession 

wfthout: invasion of species from beyond the system In  question. 

is true t ha t  the methods used to  conduct the experiments described in t h i s  

report  did not p e w i t  the invasion of the microecosyetems by other species, 

we feel tha t  it w a s  t ru ly  a succensioa which took place. The question here 

is a matter of point of view. 

while it 

Although a l l  component species are physically 
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present i n  the microecosystem, a t  the s t a r t  of the succession they are  not 

functionally present. That is, a few organisms of each species are present 

a s  spores, eggs, o r  ra re  individuals, but they do not hatch or become 

abundant u n t i l  the proper condttions are  established within the flask. These 

conditions are  brought about by the ection of the biota  i n  the previous 

s e r a l  stages. 
experiment 

This  point of view i s  supported by the classica1lof"hodniff  

(1913) which involved the study of changes i n  the protozoan fauna of hay 

infusions. 

l a t i on  entering a period of growth, followed by a period af decline, u n t i l  

a re la t ive ly  stable end p r d u c t  was reached. 

There was a regular sequence of species populations, each popu- 

Al.2hough she may have had 

some invasion, most of her protozoa were already on the hay i n  the form of 

8p~zes. meting and €&m&rcye (1940) have demonstrated a somewhat sWlar 

eitaW.an fa terrestrial ecosgatems. They found the viable seeds of old 

f i e ld  species to  be present in cl1m;or forests, indicating tha t  s~ccessional 

species may be physical1.y but not functionally present, the same conditton 

which occurs i n  our systems. 

GEaRAL MATERIALS AND "LilCDS 

The system chosen for  t h i s  study was or iginal ly  isolated from a sewage 

oxidation pond i n  Austin, Texas, 1959. The plant connnunity is made up of 

three species. 

blue-green alga, Schizothrix calciocola and a very ra re  Senedesmus. 

l a rges t  animal is an ostracod, C&XX,CpSiS vidua. 

eented by $alz;smscim bursatia m d  two species of flagellates.  

are present, tepadella sp, and Philodina sp, 

least ten species of bacteria have a l so  been isolated fram t h i e  system. 

microecosybrstemwill l i v e  w e l l  on a defined medium a n d b s  survived, i n  the 

climax si tuat ion,  in the laboratory for eeveral yeera w i t h  l i gh t  as the only 

The dominant alga i s  Chlorella. There is a subdominant 

The 

The protozoa a re  repre- 

Twa rotifer8 

Three d i f fe ren t  fungi and a t  

The 

energy input. 



If it is desired t o  increase the volume or numbers of the experimental 

system, it must be put through an ecological succession. The usua l  procedure 

is t o  inoculate about 5 m l  of the climax system containtng a l l  the represent- 

a t ive  organisms i n t o  sterile, freskr l!2 strength Taub a lga l  medium C36, 

(Taub and Dollar, 1964) with additives, ?%e c h i c @  of ad.J%tives depends on 

t h e  type of succession the microcosms are t o  undergo. 

peptones are added, a heterotrophic successionwtlL take place. 

succession is defined as heterotrophic because the ac t fv t t i e s  of the he- 

trop'ns are very important i n  the f irs t  few days' increase t n  biomass. 

Bacteria and fungi initda1l.y u t i l i z e  the nitrogenxs organic matter 88 a 

aub?tx?te and produce a great deal of turbidi ty  in the flask, After the 

bactc-:",l blaoa, there &e as algal bloom. The system then begins ta function 

autotmphically,  w i t h  the plants  providing the fitred carbon and energy 

neceisc-ry for  the other members of the community. 

blom, the par t icu la te  organic matter settles t o  the bottom of the flask,  

and the aystem assumes a biogeochemical stea:? state which pe r s i s t s  indefi- 

nitel.:r. 

If amino acids o r  

This 

Subeequent to  the a lga l  

P'nis is the climax s t a t e  of the m3,cra,ecopystem, 

L2 thiamine and inorganlc fixed nitrogen are. added t o  the system, an 

autatraphic succession w i l l  occur. This successfan is defined as autotrophic 

because the biomass increase is brouzht about by the photosynthetic e f f o r t s  

of the autotrophs. 

requirement for  t h i s  vitamin, 

is produced by the bacteria,  and the additional nitrogen comes from the 

=:no acids o r  peptones. The end product of t h i s  succession is a h a  t5e 

clbcrx state. 

The thiamine must be added t o  sa t i s fy  the Chlorella's 

In  t h e  heterotrophic auccession, the thiamine 

:En studying either type of succession, most of the experiments involve 

the sac r i f i ce  of repl icate  systems a t  given t i m e  intervals. Enough f lasks  



are prepared t o  last for the duration of the experiment. 

placed i n  constant temperature growth chambers or on l ighted shelves and held 

under a 12-hour photoperiod, 

ten ts  of the whole f lask through a 0-.\5 nicron pcze sPze membrane f i l t e r  of 

known weight, 

particulate biomass. 

spectrophotometric determinations of chlorophyll and other photosynthetic 

pigments. 

dissolved solids. 

and ash-free dry we€ght of die t o t a l  dissolved aolids, 

can b? scraped from the membrane f i l ter  and Sur3ed i n  a micro-bd3 calorimeter 

for  c:ia;'gy measurements, 

ala0 Po made. 

cotinf:c, p la te  counts, or s e r i a l  dilution. 

photosynthesis and nigi:;ltt*ime coxnmunicy respiration a re  made using the pH-C02 

diurnal  curve method of Scyers (1963a) and 7 . - : ; ~ ;  s, - 4  e t  a l .  (1963). 

The systema are 

A s y s t m  i s  sacrif.'cx? Sp f i l t e r i n g  the con- 

The f i l t e r s  8re dried b3f0-7 AncC end wn:&ed t o  determine the 

The f i l t e r s  say etou tia+ axtxaeted with acetone for  

The f i l t r a t e  i s  drf,ed betow 6OoC and weighed 20 detsmine total 

AshCng the dr ied  f i l trate yields data P S  quartity of ash 

Particuf.a';s matarlala 

Calorific values for  dissolved organic matter rnay 

Assays of population numbers are made with d i r ec t  microscopic 

Measurements of ne t  community 

XRRhDUT3'jN METH3& 

The i r radiat ions involved i n  t h i s  study were performed a t  the 11,500 

cur ie  6oCo saurce belonging t o  the Savannah River Laboratory (Ahrens and 

Boudreaux, 1962). The dose levels  used were 10 Rads, 10 Rads, 19 Rads, 
6 6 

2 x la6 Rads, 3.5 x 10 Rads and 5 x 10 Rads. These doses were delivered 

wi t s in  0.6 min, , 6 min, , 1 hr. 2 hr. , 3.5 hr,, and 5 hr, , respectively, In 

the successional work ozly the f i r s t  three dosea were used and ex? -wtyes 

w e r 5  carried out on successive days beginning w i t h  the 10 R e x p o s v ~ e ~  

the day of the i r radiat ion,  t ~ o  500 ml sm?les were taken from a clinrax 

m*.croecosystem. 

4 5 6 

4 On 

One of these samples WES put i n  a one liter Erlemyer 

\ 



f h 6 k  and placed i n  the growth chamber fo r  u8e as a control. The other  

was parti t ioned between two 250 m l  g lass  stoppered bot t les  and taken t o  

the Savannah River Laboratory for irradiation. 

as the 250 m l  bo t t l e  was the largeec container tha t  could be placed i n  the 

source and receive a uniform dose, Following i r radiat ion,  the microcosms 

were returaed t o  the laboratory where they were recombined, put i n to  a one 

l i t e r  f lask and placed i n  the growth chamber. 

were s ta r ted  by inocula from the control and i r radiated microcosms. 

Successions w i t h  inocula from the control and i r radiated microecosystems 

were a l so  set up a t  weekly intervals  following the f i r s t  succession (8 ,  15, 

and 22 days a f t e r  irradiation).  

exponure i n t ens i t i e s  and both types of succession. 

t r o l  and 12 experimental successions for the autotrophtc and heterotraphic 

studies,  

the conditlons mentioned above. 

This par t i t i on  was necessary 

The next day successions 

Thfs procedtlre w a s  followed fo r  each of the 

Thus, there were 12 con- 

A l l  successions were runh the constant temperature room8 under 

Additional 250 m7, a l iqua ts  of climax ~ ~ C E G C % S S  were i r radiated a t  I, 
6 2, 3.5, and 5 x 10 R in an attempt t o  achiew t o i ? l  s t e r i l i z a t i o n  of the 

system, 

t e q e r a t u r e  room astd inspected visually as t o  colsr. 

from control and i r radiated systems for  determination of the moat probable 

nti:kar (3PN) of bacter ia  present by the Multiple-tube fermentation technique 

@PI& 1960). 

After irradiation the  microecosystems were returned t o  the coastant 

Samples were taken 

RESULTS 

Autmrophic succession: An investigation w a s  conducted on thc e f f ec t s  

o f  adGed phosphorus on the aucotrophic succession. 

p3osphorus were used (Table 1) ; t he  noms1 concentration in half-strength 

Three levels  of phosphate 
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Taub #36 medium; one half the noma1 concentration; and double the noma1 

concentration. After ftfty-four days the grea tes t  biomass occurred i n  the 

highest phosphorus concentratiou, Ttia other  mo levels had biomasses pro- 

port ional  t o  the amount of phosphorous Frosent. 

so l ids  were in  inverse proportion t o  the F!WF;:I~OTIIS conxntration. 

Hmerer, the tot81 dissolved 
e. 

Thus, 

the t o t a l  water productiou was approximately the same at  a l l  three levels,  

These r e su l t s  may be interpreted as a secret ion of primary photo- 

synthate i n t o  the medium when phosphorus is not avai lable  fo r  the fonnatioa 

of par t icu la te  orgsiic matter from the f i r s t  producta of phOtGeyn.;hesiSe 

TABLE 2, Phosphorus concentration, biomass, dissolved so l id s  and t o t a l  
aolfds in labocazory microecosysternr; 54 days a f t e r  sta2t >f 
autotrophic aucceesion. A l l  value:, given in milligrams ~ c r  
Ytixr. 

P04-P cmcentrat ion 

P a r t i c d a t e  bixrmasa 924 

Dissolved solids 

Tote?. pol.Ld3 

1304 
-*- 

2160 

1032 - 
1956 

6e20 

1022 

a n  - 
E94 

- E??emt?ophic -.._.. - s u c c e r s a :  An intensive study of the  first 30 days 3f 

the tleterotrcphic succession under 150 t o  200 foot candles and a t  27OC w a ~  

conducted, The parameters Investigated were: metabolism of the system, 

species  numbers, biomass, disst-lved inorganic material, and dissolved organic 

magcrfal. 

The microecosystemmetabolismwas found t o  increase with time, !311 

change8 were as great  as 4-1/2 uni t s  in la te  succession (Pig, l j ,  T!-c 

d i u w e l  pat te rn  of atetaholism was similar t o  those reported for other micro- 

eccsyPtems under laboratory l i g h t  conditf.ons (Beyers, 1963b). N e t  photo- 
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synthesis was maximal i n  t h e  f i r s t  half  of the l i g h t  period and nighttime 

respirat ion was m a x i m a l  i n  the f i r s t  half  of the dark period (Fig, 1). 

chlore l le  c e l l s  increased approximately lagarithm5cally for  the f i r s t  f ive  

days reaching 1.5 x 10 cells per cubic centimeter. 

of increase gradually leveled off, 

c e l l s  per  cubic centimeter a t  30 days. 

around 16 days. Scenedesmus appeared sporadlcally i n  the samples. Rotifers 

were not present i n  the f i r s t  30 days, but reappeared later.  

increased t o  80 per l f t e r  on day 5 then decreased t o  0 by day 15, 

eggs were present and the ostracods reappeared i n  the samplas on diy 17, 

22 and 28, fxl icat ing tl-nt s o m  hatc5fng was taking place, L c $ s $ a  
abunrt_aars was measured in fxms of nieters of filament per liter. 

02 t L L s  blue-green alga varfed around 6.3 meters per l i ter ,  

7 Subsequently, the r a t e  

7 Tino, f h a l  concenrration was 6 x IO 

The two f l i ge l l a t e s  peaked i n  numbers 

The ostracods 

However, 

The biomass 

5'atal par t iculate  biomass increased from 50 mg per l i t e r  on day one to 

90G mg per l i t e r  oil day 30, while dissolved organtc material decreased 

raptclly fran 500 mg per liter t o  50 mg per 1Ctsr i n  the f i r s t  8 days. Sub- 

seqim'fly, values for  t h i s  quantity remaiiiai m:*~ or  less stable  a t  a sane- 

wha:: Em ".sure @-Lg, 2 jo 

duztrg the 2r3t 12 dayR of Lhe succession and then leveled off at ahcat 

450 mg per liter. 

Dissolved in0rgaA.c s a l t s  dfcreased rapidly 

Anether series of hcterotrophic experiments was  performed i n  an attempt 

The fiillowicg amino acids were tested a s  the single to  simplify the medium, 

organlc component of the medim: methionine, cystine, arginine, va!.ine, 

lysine,  leucine, isoleucine, hydroxyproline, proline, h i s t i c h e ,  tpodne,  

tzyptophan, phenylalanfne, glutamic acid, aspar t ic  acid, alanine, E;] yzlne, 

ses'.ne, Alanine ~ ~ n a  most effective i n  s q p o r t i n g  a lga l  l i f e  Over a period 

of xore than 30 days, It most resembled 'ihe proteose-p?ptone controls i n  



bi-ss production, However, no ostracods survived. The microecosystems 

raised on the other amino acids with the exception of arganine a l l  turned 

yellow a f t e r  about 30 days indicating a lga l  death, Cipradopsis survived 

only in  the lysine and c y s t b e  systemn. Glucose plus n i t r a t e  was a l so  

teated as the basis of the heterotrophtc medium. Glucose produced the 

highest biomass of any media but most of it was i n  fungal growth and the 

algae did not survive. 

Based on these and e a r l i e r  data, the following combinations were tested: 

1) s i n t n e ,  lysine, glycine anc! tyrosine; 2) alanine, cystine a trypt0p-e 

and hfst€dine; and 3) a7.X of these amino acids together. MediaA supported 

an a!=llorE normal h e t e r o t r ~ p h i c  succession bu'; turned yellow two mouths 

latez. Media 2 underwent an almost continual a lga l  b l o m  a f t e r  98 days, El0 

ostracods were visible.  Xedia 2 produced a normal succession with a s l igh t ly  

higher biomass than Media 1 but no ostracods survived. Thus, a t  the present 

writfng, no medim. has been found which w i l f .  replace peptone as an effect ive 

medium for the heterotrophic succession. Everr vitamin-free caseamino acids 

w i l l  not prmide support for e normal succession fo r  periods over 120 days. 

IrradLation e-merinents: In  the autotraphic succession the gmwth of 

the microcosm biota is produced by the photosynthetic f ixat ion of carbon, 

while the i n i t i a l  biomass increase in heterotrophtc succession i s  due to 

the growth of bacteria and fungi on the organic matter added t o  the meditrm, 

Thus, biomass increase In  the autotrophic succesLion is the net  community 

production of the system, This i s  not t rue i n  the heterotrophic successioa, 

at  least i n  the ear ly  stages, where biamase increase 14 a cmbinat?.on of net  

cornunity production and heterotrophic grawth, 
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Subsequent work with these systems has indicated that! they may not 

reach climax, as indicated by stable biomass  value^, u n t i l  later than 40 

days. 

8i.dered t o  be a t  climax a t  least for comparison of effec+:6. 

is supported by the f ac t  tha t  the r a t a  of Fxmth i n  bcch tries of succession 

drop m o  orders of magnitude between ear ly  aucceasion around day 8 and 

late succeasfm a2 day 38. 

However, i n  t h i s  i r radiat ion study the sycten E+ a0 dsys is con- 

This posit ion 

Figures 3 and 4 show a :>lot of b.bms.ss versus time i n  the autotrophic 

and heterotrophic succzssicns0 In general, the control autozroFhie succession 

has a loeger lag  $xux.?9 bt': achi-en, a higher bioanssa than the control 

h e t e - r , t t a ~ h i c  succession. 

irrsZ!is:.lcn mre studhd. 

an& die time of ma-;irntxn ra.te of growth, 2) the nmlmum rate of grwth, and 

3) &e terminal standing crop. Rate of growth has bees calctrlated as the 

m%I.E~rams produce6 per n 2 l l i p u n  b imass  pez day t o  6 k n i n a t e  the e f f ec t  

of increasing sye';em bfomass during success< IF., 

Three peramtsrs  of ;uccessfon effected ty 

They are  lj the Lag t h e  between %nnocu3!t.:on, 

W:.% :he exception of the death of th(1 :?ti- wds a t  10 5 Rads, these 

6 wer- w . 3  g.-.:,:s vis!.ble effect on the climax sy?:::~ st 01: b e l m  10 Rads, 

A t  2 1: IC6 Sclds tI-12 algae bleach 40 days a f t e r  irradiation. 

Rads they bleach after four days and a t  5 1: 10 Pads, they bleach a f t e r  two 

dags. A E t e r  doses 8rear.cr than 10 Rads, no climax eystem cocld 3s used t o  

ir!.cf.ate e i the r  an autotrophic or hete-io::rophic succession. To iavestigate 

non-visiblo effects of irzadiarion a t  18' Rad8 ecd lower doFes, successions 

we?? set up one day a f t e r  i r rad ia t lm.  Figures 3 and 4 shew p lo ts  cf bio- 

m a ~ s  against time for  aitotrophtc and heterotrophic successions a t  C, IO4, 

lC5  end lo6 Rods; and Table 2 gives the p z t i n e a t  successional parameters 

6 A t  3,s 'I: 3 

6 

6 
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for the two types of succession and the three treatments. 

pointed out t ha t  i n  a l l  data presented i n  t h i s  report  the control values 

a=? the average of the control r:ms for a l l  three treatments. 

out above, the in!.tial biomass increase i n  the heterotrophic succession is 

due mainly t o  heterotrophic growth on the organic matter added t o  the medim. 

Thus, it 5s not t rue net  production. 

the lag time i n  the heterotrophic successions was too short  t o  be measured 

by the technique used except i n  the first succession from the microcosm 

irradiated a t  10 . 

It should be 

As pointed 

Because t h i s  growth is very rapid, 

6 

E?.? recovery of the irradiated microcosms, as bd ica t ed  by the errnth of 

eauGy ..- rr* r;&croecosystems innoculated from them, was studied by follcwing 

the t k c ?  cuccessional parmeters  i n  experiments t ha t  were Ref up a t  wh-eJcly 

inS-s1*31s a f t e r  irradiation. 

from ti zort ion of %he original  mature system which had not been i r radiated 

and hqd subeequeat--y been mdar the same environmental conditions a s  the 

irradic2ed climax system which was recoverbe,  

Each succession had i ts  cwn control innoculated 

Tr-c: :.as t h e  we define as the length of t tms between i t w x u l a t i m  w d  

the +,;:,E r :  wxh.~. rate of gz..x~th. I n  the n~to+.::r?hfc ouccc~sions imo- 

cu22t..t f..m t3e ahxoecmyste!n i r x d i a t e d  a t  1C 4 %ads, the Lag t$m rtturned 

t o  within t'ie rangc of tile controls i n  the Eucccssion statre5 cne m e k  a f t e r  

irrmX.atit.-, The lag t L m s  in tliose succession. :rm microcosm irradiated 

a t  10 8132 IO Rads returned t , ~  EL>mI:i a f t e r  two ve5ks. Thepre was no 

apparent e f f ec t  of radiatton c3 the lag f,:t~t(l:s in ?he Ileterotxoyh5-c ;luc.~essions 

6 except a t  the 10 Rad l sve l  where it returned t o  normal i n  the succa-aion 

set up one veek after irzadiatian,  

i n  autotrog5j.c m e d i m  inroculatzd from irradiated climaxes a l l  were a t  nonnal 

5 6 

The maxinnnn gzowth r a t e  of the e\;ccessiona 
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levels  by one week a f t e r  i r radiat ion.  The maximum growth r a t e s  of the 

heterotrophic successioDs from the microcosms i r radiated a t  lo6 aad 10 5 

r a t e s  of the successions from the  rcfc-i*i)smn irrcd-bated at 10 4 Rads return 

Rads are consistently lmer thalr those of the contmla. TSze maxhmm growth 

to  within tbs range of the controls thrcc w..-ks a f t e r  frrsdlation. 

Rads val=les do not quite  achfieve the control level, 

siws ~ f :  t € e  10 Rads microcosm gradually increase but again never qui te  

reach the controls. 

The lo5 

Those from the aucces- 
6 

The c 2 f ~ a x  biomasses far the autotrophic successions from t'ne micro- 

ecasgs"m Ir-adiated a t  1G4 Ziads wers higher than those from the controls 

untX :he 6irccessi.x of :he t h k d  we&, 

stim-xtx:y a f f ec t  of is-aZiation. 

n1jE=.-*~3.:*sm irredlated a t  10 Rads show a gradual increase i n  cl2rnax bfomaas 

unr:'?! +?e second week, a f t e r  which the values level off at abut 2/3rds 

t ha t  n€ the ccMtr?k., XrradistLon a t  10 Rads appears to have a similar 

effec:: on the successlmicv, 

climax F\f.,nsw3 also 1evelc.d off at about 2;?-. I f  

Perbqs  t h i s  indictztr?s 3 t7;lporaz-y 

Ea actctrophic successtons fro& KIP 
5 

6 

Although the rat( :r$ recovery was greater, the 

-4-3 ralrw of tile controls, 

!5 3 tt:;-dcal stand?.ng crcp of the heterm . 41. p . 1 ~  S ~ I C : C ~ S C ~ . ~ ~ ~ Z S   et t.n 

one vxk  G%r isra53.a'ij.x ap??ar anmalous (10' ? . g r h  t m  his:: an? IC4 Fads 

too low). Otherwise, thc data show tha t  the c l w u  standing C Y ~ ?  cf the 

hets-o?ro?hic successions from each of the %?sadia md mficrocnms reccver 

afte-r era -reeks frm the time C C  irrccWzim, 

---- 

Attempts at: $ot?l ste?=il2w---~: 41:z vLable *m:t"rrtal cclI c : x m  of 

the cllmax microecagvstm is 9,300,000/cells per mj.llildter, 
6 6 of 2 x 1.0 Ra?s th?. count' is 43? ce l l s ;  a f t e r  3.5 x 10 Rads the c w c  13 

red*r.,cd t o  Z'L2 and d doss of 5 x 10 reducm the c o w t  t o  150 viable cells 

A f t c  a dose 

6 



TABU2 2, La8 Time, Maximum Rate of Grauth, and Terminal 
Standing Crop fa AutOtrOF’ric and Heterotrophic 
Successions Innoculated from Control and 
Irradiated Mctoecosysteme. 

Ec3e 
Zn Rads 

Lag T h e  in Day8 After Irradiation 

0 8 

Autotrophic 

6 6 

6 6 

75 18 

so 26 

lie tero t rophic 

< 4  < 4  

< 4  < 4  

< 4  €4 

14 4 4  

15 

6 

6 

14 

1.4 

22 

10 

14 

10 

14 

( 4  

<4 

4 4  

a4 

Autotrophic 

0,325 0.249 0,258 0.3143 

0.237 0.289 0.240 0.227 

0,155 0.261 0.32;;. 0.22 1 

Hc,cerotra?hlc 

0,339 0.393 0,33? 0.403 

0,363 0,364 0,369 0.409 

0,361 0,368 0,343 0,376 

0.130 0.265 0,294 0,373 
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(Table 2 cont'd) 

Tenn!.nal Standing Crop in 

0 

i. y c-l 
2.U 

5 13 

930 844 874 

1029 961 1051 

500 555 625 

234 348 516 

Heterotrophic 

;!.-': r, 444 353 

3 so 285 344 

332 469 322 

213 354 265 

893 

900 

607 

558 

330 

32t> 

322 

304 
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per milliliter. 

survive a 5,000,000 Rad dose. 

t a t a l  s t e r i l i z a t i o n  of the microcorn with any pract ical  level of gama 

rad La tion, 

Of the bacteria eurviving the 2,000,000 Rad doee, 36% 

Thus, it appears impossible t o  attempt 

OTHER MICROECOSYSTZM %X?ZRt~NTS 

uI_- Xutrbticnal Experiments: Experiments were conducted during the 

pezbod of t h i s  grant t o  determine whether or not whole, dried micro- 

ecosystems were nut r i t iona l ly  suitable a s  a d i e t  fo r  the harvest mouse 

(ReAA?rodontas humul.ig) or juvenile cotton r a t s  Gigmodan h 2 s p w  

and i: 90, whether or not a na t te r  balance could be worked out between 

the rotI~?ut~ sad the microecosystems i n  such a way tha t  the nen-gaseous 

wapeas of the rodents might be processed by the f lo ra  and fauna of the 

a:'@&::s, 

bianclss of proJuci?rs and primary consumers and once agein be available 

to the rodents as food, 

grow a suf5r ient  amoun: of material and the absence of a competent 

nutr!.U~~G?h^L t o  oupe;.~ise the work, them studies m,t with only Pf.&tecI 

S U C C I E S ~  ,'?: ad&tir?nal tnComIatian the reader is dtxcted  te the r E . y m t  

Of Kr. CraLg P. iv-axkhav which was submitted t o  U S A  as part  .?f the Third 

Semi-Annual Report from this grant. 

It was hoped tha t  these waste products would be converted in to  

However, due mainly t o  lack of f a c i l i t i e s  t o  

- %or-; phatoperls experL?etis: I:ut.otmphic a34 hetezotzsp5ic 

successions were perforxed on symx , .  . p a:ed on the n u m d  I?-hr;v.t: photo- 

period and on a 45 m h ,  photopezic.2. 

and respiration measweents were taken. 

dPta is s%Z.li belrg oa..Lpulated by the cmputer. 

dcra is vce'y'y interesting, 

Bimaas dats as vel1 a s  prod-:c.tion 

As of tliie wr2tinF;, the metabolic 

€lowever, the biomass 

I n  both cases ehe expertmental data  is much 
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more variable than the controls. 

experimental biomasses remain consistently below the controls, while in 

the autotrophic succession they are higher Guring early succession and 

l m ~ c r  after climax has been obtained. 

In the heterotrophic succession the 
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AESTFi ACT 

Thir pupor pressnte an evaluation of proposed life support systcns 

besod on ooologioal theory. Tho two organism life support systen (i.0. 

algae - man) i o  oomparod w i t h  a multi-species life support systen r:s to 

rtability,  rtruoturo, end mnorgy flow. It ie oonoludod that the ffiulti- 

spooioa ey8t.m ir  aoologloa11y mom sound. 

with data t skw fro. laboratory 1Dieroeao8ystems. 

This position is supported 



A men in  a opce capsule i o  a member of a;1 cC03yGtCm, conscqcrctly, 

vi11 be affected by a11 that goeo on in th i s  ecosystcia. 

loq-tenu epace f l ight  may vel1 depend on our ~ZJCCCOS i n  developing a 

l i f e  supported oyotem which i o  otabb and 1onZ-lived. 

of thir paper to diecuer SQDB properties of ecosystcns vhich pxorrsotc 

ctabi l i tp  a d  longevity, end to propaoe that l i fe  support oysterno must 

be developed within the conceptual fr-rk of the mature multi-specicci 

ecooyr tem. 

i'lic GUCCCSS of 

It io the y;l-rpoce 

Several t y p o  of l i f e  eupport syotcfw haw been d e s i p d  or suggcoted 

to handle the following aspects of ootranaut inezmbolim: gas exehaxc, fool  

production, mate dlepoeal orad nutrient sad weer regeneration. 

propoaed, only the otorage system, designed for short f l i g h t o ,  b6 b c m  

ouccoesfully tooted. 

oysteu, appear to be feasible .  

prodrwtiopr model b o  received much attention. 

80 the rmirlgal-mon e0 eaccboapr opera, 1960; others) 3r?d the Eydr3*~29- t : - -~  - 
ma life mapport ryutem (bngor8 and Kok, 1964: others), 

- et  -0 a 1  (1969) have discwood the fm8ibi l i ty  of an al~rrc-'03c&eri3-rrzn~~ 

oyrtem. Q.re other type of life support aystotr Ixio been sdzseoted. Thio 

fo  the raalti-opecieo cl-x ecosyfitcm aa proposed by E. T. OJm (19a), 

and v'hich will  be the topia of this  psper. 

05 i h s e  

For f l i&to of l o a  duration, only bio-regcacra2ivc 

Tbe two-spccico gas exchanze ond/or food 

%so kzvc Eccn dcscr ikd 

In nddi t ioz i ,  Os-=:;, 

Them ere a t  least two approaches to the d c v e l o p n t  of l i f e  support 

rpstemp. 

Beparate biological, cherPicP1 and mcchan~co1 conponcnts. 

conoiotr of  81%- grroupr of opecisr known to occur togcthcr t o  rc- 

aoocmble rrsd reorpnhe ia a new environment i n t o  on integrated, self- 

mainta- eyotem. Thio oyotem we call an ocosyst~m, Nature oporatcs 

of t b o e  consiete of tho tostfw and later  acsc.abl5.q of 

Tho second 



by tEc. secozd aethod. 

submit tbet the f irct  i o  ecol&ceUy unoo-ad Qnd will provc t o  be CZ-:;UCCCSC- 

Tul. 'i"M balance of this paper w f U  prcscnt cvfdence t o  chov that thc twlti- 

epeciee spprooch will  provide the greatact c h n c a  of o Guccesoful loau- * t C r 3  

life-eupport eyatem. 

PSfn UQCB the first in coastructics h i s  ~inckr:1c::. We 

A n  ecoeyotem i o  any asrocmbhge of orgnnims and their abiotic cmiroz-  

uent whioh bave tho following cbaractctfotics (E, P. Wum, 1853, 1SCS): 

otructural organization, iaterdependcncy of caponento, hmcosthsis cicd 

r e g u l o t h  (either external or tntanull or both), limits and thrcsl..olcb, 

and developnent tovard a otoady state with fncrenciw adaptation w i t h  

and control of the phyoical emiromrent (succession), %re are f o ~ r  

COmPOn@nt@ of an ecosyrtomr 

P d C )  

feed on larger particles, and (4) decomposers or ocnotropb, which &rive 

their ouppore from omaller or molecular size  particles. 

latter crtegoriee decompooe orgaoic uaatsrial and release products us3tic 

by prsducera. 

(1) abiotic substnncco (organic axxi inor- 

(2) producero , or autotrophs, (3) con6~~9erto or phgotropls which 

Both o f  tiicc? 

One of tha moot Jmportaat attributes 02 ecooystcms f s  the uni- 

directional flow of energy from grecn plants through food veba EO 

consumera and decompoaera. The amount of photocyntbto stored in cxccss 

O f  &yt- camrudty rerpiratfon is t e m d  net ccziaunity pbtosynthesis. 

At night, part or a11 of this net storage is consmed by comucity respira- 

tion. A continued exceae of ccxmnanity photosynthcois over cozr;.urAty 

recuphation leads to an acc~lulaf ion of bimiam. 

accumulation of bfolDeoo Stop6 80 Itnits of utilization of light input 

are  rerrcbed or wrriento beaming l ~ t l a g ,  ot  COPC physical threshold 

ruch a8 oppm requiremento ie reached. 

EvcntuIly this 



ECosy8tcQS have etlucture, By thio wc Zczn b:',o:-. - cs ~ ~trcrtt<i~:c:kon 

of both living and wn-living substances, tnd Eiiozhz:Zicxl t;i< s-,ccic; 

diveraity, 

~t tmture 1s mor t Less ;?parent in t c m  of CLC nu.bcrs oi spccicc. 

An ecosystem With may opecfes pcr unit ntwber 02 fnl;ividuals nay have 

a very caap1t.x food web BI a result of nfchc ('kq of Life") cpccckli- 

z d t b n  by these apcciea, AIBO,  28 the & e t  of spcciss fncrccses, the 

nuabet of  hacostat ic  or regulatory mecl=nisao incrcases, cad the 

orzanimu vithia end bctween tba various trophic lcvels becosle pore 

iadcperdeat. 

system are o 180 diverse biochemically (Ecir~a'Lef , 1963b). 

Depcuding on age and ' l imitat ioc3 of the phycical C ~ V L O C T S - ~ C ,  

.p 

Thcte is fncrcsaing evidence t o  E ~ T J  t h t  divcrcc eco- 

The truly U q a m  feature o€ ewsyGtens, b ~ q v e r ,  i a  not etricturc! 

or r c p l a  t ion,  ainco h a e  oi&f be accanpl l chd  t>rGt$ c x t c z m 2  nc.cknic& I 

means, but the abt l i ty  of ecosystem to  Covelop, to c~;; le  to a otezdy ,  xIC- 

sixintitinins, iuacura etagc, o f t e n  c a l l e d  R climri ccooy~tm.  

of mature eyetern adapted to partlcukr p5ysicsl f ~ c t o r  rcZ*.ec trt 

temperate Wrth American Stipa 43iute l o w  pererala L g m  DO hnd , ea B t e n  

~ Q C ~ ~ U O U S  onk-hickory forect, intert idal  pnn;Zrova forcct  (Colfcy, e t  rr l .  13C2). 

t rop ica l  rain forest and coral reef (Odun and *a, 1959). Oricnbl  r icc  

culture represento an agricultural system wintsiccc' by r r n  17kich is =re 

mature and stable than, for example, shifting ro1;~ crop troTi-crrl nziculturc.  

The mature ecosyetcx~ tends t o  &Jitbi.t; thc rmxiznm in atructurc and c t sbf l -  

Lty ,  within the limit6 -sed by tha physical envirmect .  

S s r ~  c:zx;>lcs 

It is the mature ecoeyetcm which we propose 8s the thcorcticcll basis 

for the development of life support ~ystcma, 1% believe tht: l o n p t c n  

stabi l i ty ,  whiah io the result of the dcvelopmt: 02 a n y  hCa~3::tr;t;ic 

pccbanisma through auccesaion, must be thc uiicrlying conccpt in  the 
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ccosystcm must be the b o d 6  of futurc life support system. 

Not a l l  of! the ccob;yatcn attributes of the - a d e l  shorm fn tab ic  I crc: 

applicable, a t  preoent, to 1Sfc suppxt syotcnc, 

the poaoLbilaSty of m n  car;lpktrlng o life cgclc in spqcc, 

o r e  not: well doclnxntcd and mad further ~ C C C ~ T C ~ ,  

For e%3Inpk?, 125 oce cnvfsfom 

QtE.,hr nttr5'Sutcs 

Our rc-3rkc hcre w i l l  

be confined priplvlrily lo attributcs of ecocyctcn cnerzatico and c t m c f u r a .  

mny of tb d a b  whfch 'cx? will ucc Curins this paper t o  deaomtratc 

the  functiors2 and stntctxrol avcnto during cucccscfon hzs becn obtxir.cd 

from t h ~  study of laboratory dcrocoms.  

leuat partially physfcally isolated frm otter ecosysterw aad i E  this 

rcopoct nre uanatural, cince there is no export or i q o r t ,  ot!icr t k o  

light and gaa excbnge with the ctwnpksre. 

f r a  t f i s~e  oyttena b o  particular a p p l i c a b i l i t y  to tho to$c in qacstion 

These nicrocccsystca arc  c t  

IZosJcver, tIic data obfsirrcd 

lute, olnce a opco capsule is a uicroecosycten. 

-~ - 
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"he microcosm method has been clcscribcd by Eeycro (1963a, 1364). 

Briefly, m t e r i a l s  from a natural  ecosystem are brouzht into the laboratory 

and divided equally among a group of containore. 

any poss ib i l i t y  of divergence between microcosms. 

placed OD the desired regime of physico-chenical variables, 

fs measured by recording diurnal pH changes and these data a re  trnnslcted 

i n t o  t o t a l  CO changes through the USQ of a graph depicting t kc  rc la t lcc-  

ship between microcosm pll and CO changes. 

by pouring an ecosystem i n t o  a tared weighing disS o r  through o tzrcd xilli- 

pore f i l t e r .  The materials are then dried and weighed. S in i la r ly ,  t o t a l  

ecosystem chlorophyll is ncasured by filtering a11 o r  pe r t  of the sys'icq 

reading the acetone ex t r ac t  a t  the appropriate wave lengths f o r  the variouc 

pigments, and calculat ing the amount of ehloro2hyll according t o  Str icklard 

and Parsons (1965). These and other  neaaurenznts are made a t  in te rva ls  

during developnent o r  succession of the mfcrocoaa, and from these data, 

we have been able t o  show the course of some of the events of metabolic 

and s t ruc tu ra l  succession. 

Cross-ncediq n i n k t z e s  

The systems ore thca 

Motabolion 

2 

Microcosm biomass is  d e t e d n e d  
2 

I n  comparing the s t ruc ture  and function of old and youzg nature, 

(1) The two-species aysten we intend t o  emphasize these main points. 

represents young nature and has the  advantage of a high rate of productivity 

per  u n i t  biomass, but has law s tab i l i ty .  Tho nulti-species syoten has 8 

lar ratio of photooynthesfa t o  biomass and thuc nust  be large t o  support 

an 8 S t r o x u t U t ,  but has the d i s t i n c t  advantage of xulti-channel s t ab i l i t y .  

(2) The astronaut i o  pa r t  of a microecosystem, whetherwe ore considering 

a two-apecies or a multi-species system, and i o  therefore par t  of the 

s t ruc tu re  and function of the system. 

be more or l eas  influenced by perturbations i n  i t s  otructurc and function. 

Depending on system s t a b i l i t y ,  he w i l l  
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Xn Figure 1 and 2 soae data on succossio;z in laboratory nicroccjszs 

t r c  plotted. 

material from a mature ayrrten in to  act? medim. 

r a t e  of day-time photosynthesis exceeds the t  of ai;;l4t respirat ion and 

b&crmaec accumulates, 

stages. 

synthesis to night respirat ion approaches one, 6nd bioztass reaches a 

s tab le  value. 

I n  these experbents  succession was i n i t i a t ed  by innoculaticg 

In  young coizxinities the 

Total or  proso photooynthads i o  high in the e a r l y  

After about 70 days of succession, the r a t i o  of day-tine photo- 

A t  t h i s  point, the efficiency of the  system is maxic1m, 

under a given set of enviromental  conditions, i n  t ha t  the highest leva1 

of biornass i s  maintained per uni t  of gross photosynthesis. 

t ha t  the rates of respirat ion and photosynthesis are steady. 

Xotico also 

In our comparison of young and old nature, we are actual ly  conpzring 

two types of efficiency (Figura 2). 

as the two-species life support syste3, the r a t i o  of gross photosyathesis 

t o  bionass is  very high-a small amount of st ructure  i s  maintaining a 

kigh rate of photosynthesis. 

has been eqhas ized  by proponents of tho two-spzcics system. 

is allowed t o  proceed, whether by design o r  accident, the r a t i o  drops. 

trend i n  succession is t o  develop as large and diverse a structure,  per un i t  

of energy flou, as possible, Tlius in  ear ly  st333s, tho r a t i o  biomass/photo- 

synthesis is lowi in a mature stage the r a t i o  i3 hi$. A t  cl- a a r c  

complex structure,  with a reduced waste of enerr3, allows the naintenance 

of the same biomass with a l a g e r  expenditure of encrgy o r  cost  t o  the systen 

(Margalef, 1963). 

the l e e s  anergy needed t o  mmintain t h i s  bioa2ss (Conncll and Orias, 1964). 

In other words, a8 the system ages and develops structure,  i t  becones nore 

I n  ear ly  developmntal stages such 

This is one type of efficiency, and fs tSat  k-hfch 

If succession 

The 

The more stable  the system, both oxternally end internal ly ,  



af f ic fen t  a t  maintaining tha t  structure. 

and is tha t  which we propor;a t o  be the basis  of a ctable l ife c q p o r t  systeen. 

The haportant point i o  tha t  s t a b i l i t y  i n  tiicse rntcs  and ratios ha0 

been developed and w i l l  be maintafned wik!out external controls at  m t u r i t y ,  

while in young stages, s t a b i l i t y  nust ba constar.tly naintained through 

external controls. Hature dcroecosystcms i n  the laboratory of Beyers 

;iavo nzintained thenselves for years. 

This  is the sther typo of ef l ic lc tcg,  

Another developent  during succession is the diilt fram an early 

p1xAfoid.c-opcn water systcm to  a datritua systcn i n  later s t q o s .  accent 

s tudies  (Engelmum, 1961; McFaydcn, 1961; O ~ G ,  1SS3b) have shcmn that up 

t o  9tE o r  PO'LC of the netabolism of natural  matcre sys tem is i n  t t e  

d e t r i t u s  layer. 

spocieo l i f e  support system 38 that tho astronaut nust b w o m  a detr i tus-  

feeder, or a consannet of detritus-feeding organicss. 

prove t o  be f a r  more palatable than bacteria OT a l p c  since a great var ie ty  

of vertebrates and invertebrates 2re detritus-feeders. 

The consequence 016 this in tkc use of a mature mlti- 

This nay, i n  fact ,  

As cormunities develop, there i s  an increase in species d ive r s i ty  and 

t h i s  has been assaxed to contribute to  s t a b i l i t y  (Concell and Orias, 1964). 

In  a young ecosystem, there are a large nrmzbcr of unexploitcd ways of l i f e ,  

o r  niches. 

structually simple communities or organism which have been dornant o r  rare 

in the ea r ly  stages become active and numerouo. 

species per un i t  number of inclividwls, which we m y  ca l l  a species/nmber 

diversity index, incrcoseo. 

increase in the diversi ty  index favors the establ ichmnt  of hoaeootrsfs in 

t e x s  oE checks and balances. During the ear ly  stages of succession there 

During succession, organisms fron cther ecosystems invade such 

Fiith time, the nuz5er of 

It is assuned on Inccqlete evidence that aa 



msy be "blooms" of the invader po?uht iOnc ,  of tcn at the c::pcnsc O C  cnc! or 

more established species. 

seriously upset the balance within systems as docs a "cancer" grovth i n  

individuals. For Instance, 13 the development of unialgal l i f e  su??crrt 

s y s t m s  Millcr and Ward (1966) have remrlced on the d i f f i c u l t y  of preventing 

tho cstablishnient of large p o p l a t i o m  of g r a z i q  zooplaxkton in their 

cultures. 

probabili ty of blOoiaSD or even LIe  successful h v s s i o n  by a new spccLcs, 

is very low (Elton, 19S8). That is, thc system ~'.(TJ posscsces s tab i l i ty .  

7c.r e::xql@# ~ x ? .  probabili ty of invasion by extrc-terrestrial species or  

a 5 1 ~ ~ 3  of a nutated forn of soze cwqonent c?ccics in a c l h  systea 

would be much less than in an unsaturated system. 

Srrch "b1w-m" create pcrturEatioas t h a t  x y  

In a mature ecosystei, w i t h  nOst o r  a11 niches f i l l e d ,  the 

To suiziarize, the presence of mny species c o t  only mans a 

d i v c r s i t y  of energy pathways, bur also the prcszace of a great a n y  rcg- 

A A L o q  and synibiotic relationships. We c c x J t  ewisicrn a tvo-spccfco 

mechoilical-bioregenerative system with th io  oop2istication 02 coLtrol. 

Another Lmportant trend froa young t o  m"Lurc ccosyotcss, K 5 i d - i  is 

a d l r e c t  r e s u l t  of increasing diversity, is the iscrcase i n  co~?lCi:lty or' 

food webs. 

the number of pathways of energy t ransfer  tetwec; prodccers and c o a s w r s  

is limited. 

linear. 

t o  beccwe established a d  the foodweb bccoms imrc c o q l c x  0-  so c o q l e x ,  

In fact, t h a t  few have been con2letcly dascr i jc3  for nay large nc tura l  

area. 

of a swle and a c o ~ l o x  ecosystem. 

t o  ecosystem s t a b i l i t y  is very apparent here. 

I n  young stages, the nm3er of spscies is sxdl axid, t h r a f o r c ,  

I n  the two-species l i f e  support sgstczl tkis p a t h a y  is 

In  older stages, a grent a n y  species licvc ha6 an o2portunity 

Figures 3 a d  4, based on t h 2  data of ?aim (1966), i l l u s t r c r c s  food vcbs 

Tlze irqortzncc of food web cozglmity 

The t o p  c o n s m r  i n  the nom 
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several food chafas from tMch fo  graze, whcraa in t*ke laso mixm sgohn, 

the nunber of interactim i s  wch lower. This ie ozslo~ollo t o  tke back- 

up 8ystmw built hCo tbe circuitry of apoco vehicles. In the mlcroeco- 

(Elton, 1958), but in 8 corn f i e l d  (nz c c o s y ~ t c 3  ccch like the tm-spzcics 

lifc support system) large n d x r s  cf pasts crc  c a m .  12 t kc  forcst a 









03 rcoldant apecicc and t h i n ,  of courae, i a  ecologically unsound. 

also bc apparent that homcootatlc machanhs.of ocosyotcms BPC far EC.-CC 

eophiotiatcd and re l iable  than their mechanical  counterpart^. A3 r. " .* CE'G 

(1363) ha8 pointed out, man has yet to davelop the miniaturization oi 

circuiriy tbat i o  found in ccosyatcm. 

ii s k u i d  

Ttu, area of a multi-apeaiee l i fe  mpport ecooystem capable of s.;T;ortiz, 

on e ~ t r o l l ~ u t  bus been eathated a t  tvo acrei (H. T. Odm, 1963). 

e e t h t e  h b e a d  OII am expcmdfture of a l l  but about 2% of ehc photospxhci ic  

productfan on respiratory requirement8 of othcr ccqononta or' t'nc s y s t c n .  

OPNiwoly, practical i ty  dicteees sow, comprmlsc betwcon two-spcc-t~s 

mechanical aystoPU aud the P.rlti-opeaiee o y s t m  which depends on r2czzal 

self -regula tion. 

T"nis 

To dote, the major snpbaeir in the developnt  of life cupport sy;l=tzzz 

b o  been on oingle cmpcmentr. 

be supported %n the future. However, we believe, based on our ~ ~ c L ~ ~  

of the properttea of eco,rrylrtenu, t b t  future work must 6tre6s the dcv=+- 

mcnt of a multi-.opecies iy0tcm. 

These data are vaLuabIc and such work skzilld 

6ince euch 8 syrters vi11 smcesoarlly be larger t h n  propoccd tw- 

species eyetam, we need to determino which proceesea can be satfsfaztorfly 

r;upplcmented or m?phcctd by twcbaiOa1 or cRcmica1 device8. For e-pZe, 

the reduction of fecal mterhl to m a l l  particleo raight best bc ? ~ ~ . d ? e C  

by B Q P ~  mectrPnica1 mothod, thus e l i m l n a t i ~  the need for populations of 

c~~t l~u~per~ which md-rily would fill thir role. In otlzcr words,  t~=. m y  

U \ b b  m b  gredic-d aim of a r m t l t f - a ~ C i c 9  l i f e  eu?pUrf 

ecoapt.rP without reWw tbe built-.ia s tabi l i ty  of tla~ SYB~M. 



Fimlly, it i o  c lezr  that a great de31 0% work nust bc dircctct' tx;ccrll;j 

I an zr;lysio of propertico of ecosystcas bcforc wc otccxpt t o  nc'v10c it 

mlti-apeciee life eupport sy~tem. 

8 h p I c  VB. conplcx system may be rcsolwd by a B C ~  of e::pi:rimnta. 

oratory n9croecoayeteme rax~ing in  complexity €ran a oinglc a l p  and 

cowumr t o  a highly cohaplcx eyetern coctajin- ocvcral raprcsentativcs 05 

ccch trozhic leval could be cultured wider identical conditions. 

c1iia-x GYGIW and oucceseioru\l stages could ba tected for mftd~olic and 

cpccios arab i l i ty  Under veriow stroa6ee. 

tlxxaal mnipulations, fonizing radiation, invasim by f o r c l p  cpccfcn, 

and wchnnical and photoperiodic atreBses. We propom t o  ptzrforn G U C ~  

cssperincnts in the futute. 

Part of thu contraveroy rcsrdfng ttrc 

k b -  

The 

such EtresccG could hclude 
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